Emotion recognition represents an important predictor for the development of social interactions. Previous studies have shown that the ability to recognize emotions, the speed, and accuracy, with which individuals process emotions, is an ability that develops with age, starting from early childhood. Children with autism spectrum disorder (ASD) show reduced attention to faces and they have difficulties in identifying emotions. Our goal was to investigate the effectiveness of a technology-based educational tool for assessing emotion recognition skills in individuals with ASD and typical developing children.51 children aged between 12 and 14 years were enrolled in our study, out of which 11 have a diagnosis of ASD. Our results reveal that adolescents perceive emotions differently depending on the type of stimuli that we use and on their ages.
Introduction
Socio-emotional development of adolescents is highly connected with initiating social interactions and maintaining friendships. The ability to recognize facial expressions is part of social cognition development, which includes the understanding of other's intentions [1] [2] . Labeling basic emotions, such as: happiness, sadness, fear, and anger, is a task that preschoolers can do it easily; moreover, by the age of four years, they start recognizing more complex emotions [3] . There are a lot of variables that can influence the ability of emotion recognition, but recent studies suggest that the ability to recognize facial expressions can be related to the type of stimuli/tasks that are being used in the assessment process [4] [5] . The ability to recognize emotions appears to be a continuous process, meaning that the performance of correctly identifying facial expressions improves from childhood to adulthood [6] [7] . When it comes to atypical development the ability to recognize emotion can be impaired and it can interfere with children's interpersonal connections and socializing. [8] [9] .
Autism spectrum disorder (ASD) is a neurodevelopmental condition that affects social interaction, communication, interests, and behavior. There are some studies showing that individuals with ASD have difficulties in accurately identifying emotions and interpreting socio-emotional cues [10] [11] . According to recent studies, the ability to identify facial expressions is considered part of social communication skills and can predict adaptive social behavior [12] .
While in typical developing children the capacity to distinguish between different types of emotions develops in their infancy [13] [14] and children become more and better at this as they grow, in contrast, individuals with ASD demonstrate decreased interest and attention [15] [16] [17] . Therefore. one possible explanation for the facial expression recognition difficulties in children with ASD is the fact that their attention to faces, more exactly to eyes, is impaired [18] [19] . Moreover, recent research revealed that children with ASD process faces gradually (i.e. piece by piece) rather than holistically [20] [21] . Considering all the above research and also other important studies in this domain we may state that children with ASD experience deficits in facial emotion recognition [22] [23] [24] [25] . However, there are a couple of studies that revealed interesting results in this domain, considering that children with ASD may have similar performances in identifying emotions as typically developing children [26] [27] [28] [29] .
These emotion recognition difficulties are important to be investigated because they can impact the social development of individuals with ASD and lead to social exclusion and can represent an obstacle in accessing and sustaining education [30] [31] . Recent approaches suggest that the use of technology as educational instruments for evaluating and improving the emotional abilities of children with ASD may be particularly beneficial for addressing motivation and generalization issues. The rationale of using technological tools in the educational process of children with ASD is that these types of tools combine learning theory, motivational theory and game design to create a unique and exciting remediation ways which may be particularly beneficial to individuals with ASD [32] . Empirical evidence in education suggests that educational technology-based tools can foster enhanced motivation and facilitate the generalization of skills from the educational setting to different social contexts. However, findings from a number of interventions which have adopted a number of the game design principles have demonstrated success in improving this skill only to a limited degree [33] . Future research needs to be done in order to elucidate if this approach could be useful for children with ASD. Moreover, from our knowledge, there are no studies that propose the investigation of facial expression recognition from a developmental point of view including also a sample of individuals with ASD. Some recent reviews suggest that the performance in identifying emotions depends on the type of the assessment instrument, on the sample characteristics and if dynamic or static items are involved in the tasks used [34] [35] .
Based on the findings regarding the use of technological tools in the education process of children with ASD there was a series of computer-based interventions that were developed for this special population. The use of a screen can guide children with ASD to focus only on the relevant contents from the screen, helping them to ignore irrelevant data [36] . Considering the fact that children with ASD find social interactions challenging, mainly because are not predictable and intuitive, using a computer for providing the learning content instead of a teacher/therapist can make their job easier and more predictable [37] . Employing different types of technology-based tools for individuals with ASD may contribute to the development and practice of different abilities, which are necessary for social inclusion [38] . There are several programs that used different approaches in order to train the ability to recognize emotions, among them we mention: Mind reading Program [39] ; The transporters [40, 41] and Reading the Mind in Films [42] . All these computer-based programs have tried to enrich the classical techniques of teaching emotions. Some of them used situation-based emotions illustrated in short films; others tried to gain attention by positioning the facial expressions on trains.
Although there are several limitations and unanswered questions in the domain of using technology-based instruments for children with ASD, such as to what extent they can generalize the information learned in a digitalized environment; these types of tools have a great potential of becoming standard educational programs. Therefore, is important to mention the advantages of using technological tools in the educational process of children with ASD. Correspondingly, users can remain motivated in the assessment task and intervention program because their interest can be controlled through personalized digital rewards; users can work at their level of understanding and these technological instruments do not require the use of social abilities that can be stressful for children with ASD [43-44].
Objective of the Current Study
In our study we propose to develop and test the effectiveness of a facial expression recognition instrument, which can be used both for typical developing individuals and for adolescents with ASDusing a technology-based paradigm. By including groups of children of different ages we also plan to approach the developmental aspect of emotion recognition process. Further, using different types of stimuli allows us to investigate if the ability to identify different emotions is dependent on the way the task is presented. The tasks used in our study ranged from full faces showing facial expression, to eyes part showing emotions to dynamic video stimuli that were presented in a tablet format. Therefore, our objective is to identify: a) if there are differences between the three types of the tests, with a better performance in the video phase compared to face and eye phases, b) if there are differences between the two groups investigated (typical developing children vs. children with ASD), c) if the ability of emotion recognition improves with age; and d. which type of emotion is better recognized in the two groups of participants.
Description of the Emotions Proposed to Investigate in our Study
For the development of our instrument, we have selected four emotions: happiness, sadness, anger and fear, which are known as basic emotional expressions and are recognized worldwide [45] [46] [47] [48] . Every facial expression included in our study is easy to be reproduced and recognized by adults, mostly because they are able to identify the positions of facial muscles for each emotion.
The elements that are involved in the production of each of the basic emotions are usually eyebrows, eyelids and lips [48] . Moreover, [49] each emotion has been associated with some action tendencies; some ideas that can be transmitted (communicated) through that emotion and some needs that can be expressed by using a type of expression or another (see Table 1 ). Table 1 Description of action tendencies for the four basic emotions investigated in the study [49] 2 Methodology
Participants
Before the implementation of the study the assessment protocol underwent an evaluation by the Ethics Committee from Babes-Bolyai University. All the participants' parents' were informed regarding the steps of the assessment 
Procedure
The setting for the experiments was a therapy room (about 20 m2) for the children with ASD, in which the children usually participated the therapeutic programs, so the children were familiar with the room and a regular classroom for the typically developing children. The therapist who performed the interaction is part of the research team of the Department of Special Education and she has experience in working with children with ASD. Children were presented in a tablet format with 12 stimuli illustrating facial expressions of the four basic emotions (happiness, anger, fear, and sadness). Children had to respond to the question, "How is the child feeling?" (see Figure 1 ) 
Instruments
The test consisted in 12stimuli presented in a tablet format both for adolescents with ASD and for typical developing adolescents. The test had three phases, in each phase children were supposed to recognize the facial expressions. In the first two phases the children had to recognize the facial expressions from pictures showed on the tablet, the first 4 photos were illustrating faces with emotions and in the second phase the photos were illustrating eyes (see Figure 2 ). In order to make sure that the set of stimuli used are valid ones, we have used the stimuli For the third phase children had to recognize the emotions from a video, the video stimuli used were created especially for this study and illustrate the head and a small part of body images from an adolescent. In order to ensure the high quality of these videos, two specialists in clinical psychology have classified each stimuli. Afterwards we have used a basic validation procedure, in which the stimuli were presented to a sample of 30 students. The majority of them correctly identified the emotions, in this way we could be sure that the selected videos illustrate prototypes of the targeted emotions. The test was provided in a child-friendly format, it could be seen as attractive as a leisure activity as well as an educational tool.
Face phase
Eyes phase Video phase 
Results
We have used the non-parametric test (Friedman) for comparing the performance in the 3 phases of the tests (face, eyes and video) for each type of group (12, 13, 14 years old children and ASD children). The Friedman test represents an omnibus test, which is used to compare the results from two groups when the data is distributed differently than normal. This test is an alternative to performing the one-way ANOVA test. After the overall comparisons were performed in case of significant results Wilcoxon signed-rank test was used. By performing pairwise comparisons we could identify the conditions that yielded differences in performance that are statistically significant. The Wilcoxon signed-rank test is the nonparametric test equivalent to the dependent t-test.
For the 12 years old groupFriedman test showed significant differences between the three phases of the test, Chi 2 (2) = 8.34p < .015. Pairwise comparisons showed that eye test phase yielded lower scores than video test Z= -2.54, p = .011. No significant differences were found between the face and eyes phases of the tests or between face and video phases of the test p > .05. Wilcoxon tests were used to investigate these differences (see Table 2 )
In the 13 and 14 years old group we didn't find any significant differences between the three phases of the test p > .05. (see Table 2 )
In the ASD groupFriedman test showed significant differences between the three phases of the test, Chi 2 (2) = 9.17p = .01. We found similar results as in the 12 years old groups, meaning that children yielded better performance in the video test phase compared to eyes test Z= -2.45, p = .014.No significant differences were found between the face and eyes phases of the tests or between the face and video phases of the test p > .05. (see Table 2 )
Analysis per emotion tested
In the typical developing groups sadness had the highest rates of recognition in video phase of the tests. Therefore, in the group of children aged 14, all children recognized the emotion (100%), it also had high rates of recognition in the group of children aged 13-83% and in the group of children aged 12-77%. In the typically developing group, after sadness, happiness and anger were also well identified by children, with rates higher than 50% in the group of children aged 13 and 14 in almost all phases of the test. In the group of children aged 12 sadness was best recognized in the face phase (88%) and they had similar performances in the eyes and video phase (77%). The same group had a good performance in recognizing anger in both three phases (66%). In the typically developing group, fear was the least recognized emotion, in some cases (in the group of children aged 14) none of the participants identified correctly the emotion (see Figure 3,4 and 4) . For children with ASD happiness was the easiest emotion to recognize in the face phase (36%) and in the video phase (63%). In the eyes phase, children with ASD had serious difficulties in identifying emotions, even happiness was identified with a very low rate (9%). In this phase, none of the children accurately identified fear and anger. Sadness was identified by children with ASD in the proportion of 27% in the video face, 18% in the eyes phase and 9% in the face phase. Similar to typical developing group, fear was the emotion most challenging for them to recognize. Also, they had some troubles identifying anger. Therefore, none of them recognized the fear in the eyes phase and it was correctly identified in the face phase only in a small percent 9% (see Figure 6 ). Regarding the performance of the adolescence with ASD in general (regardless of the emotion presented) the results showed a great variability (see Table 3 ). None of the children reached the highest score and four of them didn't succeed in recognizing any of the facial expressions. Some possible explanations of their weak performance could be the difficulties in the task understanding, their cognitive impairment and their severity level on the spectrum. Table 3 Performance of emotion recognition in the group of children with ASD
Discussions
The competence of identifying facial expressions and using this information in a social environment represents an important step in the social inclusion [50] [51] . Increased understanding of how typical and atypical children develop these abilities can generate effective assessment and intervention protocols which can enable individuals with ASD, and not only, to actively participate in the society. The findings of our study are in line with prior research [30] demonstrating that the type of stimuli that we use in order to identify emotions is important for the performance of children. Therefore, we have shown that the differences between the stimuli influence the way children with ASD recognized the emotions. They had a better performance in the video phase of the test compared to face phase and eyes phase of the test. We had similar findings for the 12 years old group of typically developing children. The fact that we didn't find statistical differences between the three phases of the test in the group of children aged 13 and 14 may be explained by the fact that as children grow they can better discriminate between different emotions regardless of the way in which they are presented to them. Regarding the differences in the types of emotions that children with ASD compared to typically developing children recognized better in the video phase we must be cautious when interpreting the main finding because of the small sample size. Therefore, even if the children with ASD better-recognized happiness (63%) compared to sadness (27%), the emotion that was the best recognized in a typically developing group, we cannot generalize these conclusions and assume that these differences may be observed in the general population.
Conclusions
The main finding of our work indicates that the instrument developed (the test with three phases) has a good potential to evaluate the abilities of recognizing facial expressions. Children really enjoyed using the tables during the study and we believe that the reason is because the test was simple and engaging. The novelty of this study consisted in the manner in which the test was applied and the use of dynamic stimuli in order to increase the accuracy in measuring emotion recognition. As we have mentioned also in the introduction part, there is a need of evidence-based technology-based tools in order to provide appropriate interventions for developing facial expression recognition especially for individuals with ASD. Our research tries to contribute to the international literature in the domain by developing a user-friendly instrument that can be used for the assessment of emotion recognition. Further research should extend the area of emotions investigated, from basic to complex emotions in a cross-cultural study. By increasing the understanding of how typical and atypical populations perceive (e.g. ASD, ADHD), label, express and use the information about facial expression in their social interaction, by using effective emotion regulation strategies, we can further develop intervention programs for improving individuals' quality of life [52] , [53] , [54] .
The results may help to find the development directions of modern ICT based teaching methodologies in the field of Virtual or Augmented Reality supported learning [55] [56] [57] cooperative or project-based teaching [58] , [59] , [60] and other possibilities related to Cognitive Infocommunications supported education [61] , [62] , [ 
